Brain-damaged patients experience difficulties in recognizing a face (prosopagnosics), but they can still recognize its expression. The dissociation between these two face-related skills has served as a keystone of models of face processing. We now report that the presence of a facial expression can influence face identification. For normal viewers, the presence of a facial expression influences performance negatively, whereas for prosopagnosic patients, it improves performance dramatically. Accordingly, although prosopagnosic patients show a failure to process the facial configuration in the interest of face identification, that ability returns when the face shows an emotional expression. Accompanying brainimaging results indicate activation in brain areas (amygdala, superior temporal sulcus, parietal cortex) outside the occipitotemporal areas normally activated for face identification and lesioned in these patients. This finding suggests a modulatory role of these areas in face identification that is independent of occipitotemporal face areas.
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face recognition ͉ amygdala ͉ configural processes ͉ inversion effect ͉ emotion P atients with prosopagnosia are unable to recognize persons by the face (1), but recognition of facial expressions appears to be preserved. This dissociation has been a major contribution by lesion studies to standard models of normal face processes (2) . Here, we report that, when performing a matching task in which identity of the parts is the critical variable, performance of prosopagnosic patients improves dramatically in the presence of a facial expression, whereas that of normal viewers deteriorates. More specifically, prosopagnosic patients show a failure to process the facial configuration, but, surprisingly, that ability returns when the face displays an emotional expression. These findings are consistent with evidence for a modulating role of facial expressions on visual processes in normal observers (3) (4) (5) (6) . Now this modulatory role of facial expressions is reported for prosopagnosic patients and it is observed at the level at which the facial configuration is processed. This finding challenges accepted models of face processing but is nevertheless consistent with (i) our present understanding of the functional role of the brain areas involved in face perception, (ii) recent findings on residual skills for processing the facial configuration in prosopagnosics, (iii) findings about a relatively early time course for processing of facial expression, and (iv) the fact that the ability to process the facial configuration is important not only for face identity, but also for recognition of facial expressions.
First, a keystone of the functional explanation of prosopagnosia is a configural deficit, defined as a loss of the skill of treating the face as a whole or as a configuration, rather than as a collection of parts. The link between this configural deficit and neuroanatomy of face identification and prosopagnosia, however, is not yet well clarified. On the one hand, substantial variation occurs in the lesions giving rise to face deficits. Bilateral occipitotemporal damage is the most frequent pattern, but cases involving unilateral, either left or right, occipitotemporal damage and damage outside those areas have been reported (7) .
Besides that, in recent brain-imaging results (8) (9) (10) (11) , the relation between brain activation and the functional role of face areas in normal subjects is as yet not understood in sufficient detail to provide strong constraints. For example, a number of separate processes in which the facial configuration plays a critical role (face detection, structural encoding, categorization, or identification) cannot yet be assigned selectively to one or another brain area or network of areas. The hemodynamic response is relatively slow, complicating inferences about the separate subprocesses deemed critical in cognitive models.
Second, the configural deficit of prosopagnosics can manifest itself in different ways. The most familiar one is when patients only attend to parts of the face, but another pattern, which has the consequences opposite to a simple loss of configural face processing, has also been reported. Although normal viewers recognize upright faces better than upside-down ones (the inversion effect), many prosopagnosic patients no longer show this orientation sensitivity and only focus on face parts irrespective of the image's orientation. In contrast, it has been reported that for some other patients identification of upside-down faces is actually easier, a pattern referred to as the paradoxical inversion effect (12, 13) . Such paradoxical phenomena have been reported in other studies of the consequences of brain damage. These phenomena result from a disinhibition between processing routes rather than from absolute loss of a skill (12, 14, 15) . The paradoxical effects observed in prosopagnosic patients indicate that configural processes related to accessing personal identity from the face and the more general configural face skills (involved in face detection on the one hand and in object recognition on the other) possibly correspond to two different processing routes (16) , such that identification can be lost, but configural face processing can still be preserved (17, 18) .
Third, slower processing rates due to brain damage can lead to qualitative differences between face processing in normal and damaged brains. The temporal dynamics within the extended face system could thus overrule a dissociation of person identification and facial-expression recognition as we know it from the traditional face-recognition models. In normal viewers, different subprocesses involved in face processing have different time courses. For example, electroencephalogram studies indicate that facial expressions evoke activity as early as 80-100 ms (19) , which is before the stage referred to as structural encoding. In the presence of a deficit, the time courses of person identification and expression recognition may overlap such that intact resources used for the one task may be applied to perform the other task.
Finally, configural processes are not only needed for face identification, but also for recognition of facial expressions as shown by findings of increased difficulty of expression recogni-tion with facial expressions presented upside-down, a condition in which perceptual access to the facial configuration is hindered (20, 21) . Thus, a deficit of processing the face configurally need not imply a total loss of configural face abilities.
Against this background, our goal was to find evidence for a modulatory role for facial expression in patients suffering from prosopagnosia by using behavioral and brain-imaging methods. For the behavioral study, we predicted that the presence of a facial expression would positively influence identification of parts. For the functional MRI study, we predicted that other areas that are part of the face-processing network (5), aside from the damaged fusiform face area, would show activation specifically for the facial-expression condition and could thus provide an explanation for the facilitation effect observed. We tested these predictions in four experiments. In two preliminary experiments, we tested for residual configural processes and for normal recognition of facial expressions. The critical experiment compared configural processes in a neutral and in an emotionalexpression condition by using a task that requires identification of a face part as belonging to one and not another person. The same task was given to participants in a brain-imaging study.
Behavioral Experiments
Participants. All participants gave informed consent to a protocol approved by the university or hospital's institutional review board. They were paid for their participation.
Normal control subjects had assessments of near acuity, with corrected Snellen acuities of better than 20͞40 required for participation, visual fields by confrontation, and handedness, using the Edinburgh handedness battery. Seven male patients (FJ, GA, KC, MD, MK, RB, and RG) with prosopagnosia were tested. Anatomical data from MRI scans and neuropsychological data relevant for the present study are presented in Fig. 1b and . MK is a 49-year-old man with a right posterior cerebral arterial infarct, which affects the fusiform face area and a left hemianopia. RB is a 68-year-old man who suffered a left occipital stroke 5 years before the present testing. RG is a 41-year-old man with bilateral posterior occipitotemporal lesions received in a car accident 20 years before that caused a subdural hematoma.
Experiment 1: Identification of faces and objects as wholes or by parts.
The goal was to test for residual skills in processing identity of faces and objects with a matching task. We knew from previous research that a whole-face advantage obtained meant that normal viewers performed better in the uncued whole-face condition than in the part condition (16, 25) . To probe how useful it was for the patients to be explicitly cued, two different instruction conditions were used. In the Whole condition, participants were instructed to match two stimuli by attending to the whole image. In the Part condition, instructions specified what part of the image was critical for the matching task. Previous research had indicated that, notwithstanding this explicit cue, normal viewers still perform better in the Whole condition specifically for faces, indicating that this task taps face processes even if matching could be done purely based on physical resemblance (25) . Materials and procedure. Materials consisted of 12 computeredited gray-scale pictures, 7 cm wide and 9 cm high, of male faces (see ref. 16 for a detailed description) and 12 house stimuli, 8.5 cm wide and 7.5 cm high, prepared in the same manner.
For each type of stimulus (faces and houses) three blocks were presented, each time with different instructions. In the Whole condition, participants were requested to attend to the whole image. In the Part conditions, attention was cued to a prespecified part (the eyes or the mouth for the faces or the window͞ dormer for the houses). Each block consisted of 24 trials (12 the same and 12 different) and was preceded by four familiarization trials.
Participants performed a self-paced, delayed-matching task. A target picture appeared in the center of the screen for 1,800 ms, followed by a blank screen (125 ms). Then a probe stimulus was presented until response. During the intertrial interval (1,600 ms) a fixation point was presented in the center of the screen. Participants were instructed to judge whether the probe stimulus was the same or different from the target and to respond as quickly and as accurately as possible by pressing the corresponding button.
Results. As observed, normal viewers were faster in the Whole than in the Part condition and this Whole advantage was specific for faces (25) . To analyze the patient data the two Part conditions were pooled and contrasted with the Whole condition ( Table 2) . To reduce variability due to excessively long latencies, analyses were done on the 50% fastest responses. All prosopagnosics (except MD) were significantly slower when they had to attend to the Whole stimulus compared with a Part. Overall, cueing had a significant effect on accuracy (P Ͻ 0.01). Reaction times were faster when cued to parts (P Ͻ 0.01), but more so for the house stimuli (P Ͻ 0.01).
Discussion. With this experiment we tested for residual configural processes in the patients by using the whole-face advantage effect (25) . The normal pattern of better whole-face performance compared with performance in a cued-part condition was not observed in any of the patients, indicating that faces were not processed configurally. This result is consistent with the standard explanation of prosopagnosia, which is a deficit in processing the facial configuration (26) . In contrast with the normal pattern, patients were somewhat worse in the Whole condition, as expected when face processing based solely on parts is the only available procedure for prosopagnosics. Finally, a similar pattern of results was obtained across the whole patient group, indicating that the site of lesion whether left, right, or bilateral was not a critical variable. Experiment 2: Matching facial expressions. Materials consisted of gray-scale photographs of 14 men and 14 women displaying different emotions (anger, fear, happiness, sad, disgust, surprise, or contempt). A trial consisted of a target arranged at the top of a triangle and two distracters, with identities different from the target, at the bottom. The task consisted of 28 trials (except for patient GA who received 84 trials). Participants were requested to match the pictures based on similarity of expression and to indicate responses by a button press. Our results indicate that, relative to matching faces on the Accuracy for 50% fastest trials; accuracy for all responses is in parentheses. Reaction times are from the 50% fastest responses. A ''ϩ'' in the ''Whole-part'' column indicates a response-time advantage for parts instruction; nonsignificant differences are indicated by ''0.'' The P values are for one-tailed independent t tests, except for the control group in which the P values are for one-tailed paired tests. Control data are from Rossion et al. (25) and include all responses. basis of identity, the ability of most patients to match faces on the basis of expression was better.
Experiment 3: The influence of facial expression on matching identical face parts. Experiment 3 investigated feature-based matching in neutral and emotional faces with a design that combined two classical ways of measuring whole-vs. feature-based face identification. The inversion effect represents the fact that matching upside-down-presented faces is more difficult than matching upright ones, because inversion blocks perceptual access to the configuration (27) . The context superiority effect represents the fact that part to whole matching is facilitated when the whole stimulus is one that provides a meaningful context, e.g., a normal face as opposed to an inverted or a scrambled one (28) , and that provides insight into the procedures used in matching. Materials and procedure. Materials consisted of 16 different gray-scale photographs, 9.5 cm wide and 9.5 cm high, of neutral faces and of facial expressions (happy or angry) (29) . Part stimuli, 4.5 ϫ 1.5 cm, were created by extracting parts (either mouth of eyes) from the full images. A trial consisted of a full face (the target) presented together with two part probes underneath (see Fig. 1a for an example). They remained on screen until response. Accuracy and latency were measured from stimulus onset. There were four blocked conditions, neutral-up (a neutral face and two face parts, all in an upright orientation), and likewise, neutral-inverted, expression-up, and expressioninverted. Participants were instructed to indicate by a button press whether the right-or the left-side distracter matched the corresponding part in the full face. A total of 32 trials were performed per condition for the control group. For the patient group, a total of 64 trials were performed for each condition (32 per part type), except for GA and FJ, which was the same as for the control group. Sessions started with four practice trials.
Results. The response-time data of the control group were submitted to a 2 (Expression) ϫ 2 (Orientation) ANOVA. Both main effects were significant (P Ͻ 0.001), indicating that an inversion effect occurred (inverted slower than upright) and that reaction times for neutral faces were faster.
Patient data were analyzed on both the individual and group levels. At the individual level, most patients have an abnormal pattern with some striking paradoxical inversion effects for the neutral faces (Table 3) , but all prosopagnosics (except MD) show a normal inversion effect (t tests, all P values were Ͻ0.05) for the expressive faces. In the group analysis, a trend existed toward significance for an interaction between Emotion and Orientation, F(1, 6) ϭ 4.118, P Ͻ 0.1. t tests showed that a normal inversion effect occurred for faces bearing emotion only, t(6) ϭ 3.409, P Ͻ 0.05.
Discussion. Our result reveals a striking contrast between neutral faces and facial expression in normal viewers and in prosopagnosic patients, but the influence of a facial expression was positive for the latter group and negative for the former group. For facial expressions, performance of normal viewers deteriorated, whereas the performance of prosopagnosics improved dramatically.
The current data challenge face-processing theories that assume independence between processing the face identity and processing the facial expression. First, although unfamiliar faces were used to avoid confounds with impaired face skills of the patients, in both conditions identity of the face had to be processed to achieve correct performance. In the Neutral condition, our results are in line with recent findings challenging the notion that prosopagnosia is strictly a matter of loss of configural processing. We see that all three patterns of configural deficit now reported in the literature are represented here: a normalcontext effect (KC and RB), a loss-of-context effect (GA and MK), and a paradoxical effect (FJ, MD, and RG). The paradoxical effect is now reported more frequently (18, 30) , indicating that paradoxical effects are not that unusual once attention is drawn to the phenomenon. Second, the normal-context effect in KC and RB does also not correspond with the view that the core problem of prosopagnosia is a loss of configural processes. Only in two cases did we find that configuration had no impact at all, either in the upright or in the inverted condition, which is the familiar pattern of configural loss known from the older prosopagnosia literature.
No specific relation existed between the pattern of performance and lesion. Two patients (MD and RG) with a similar pattern of paradoxical inversion effects had bilateral occipitotemporal lesions. The other patient with that pattern had developmental prosopagnosia. In contrast, KC and RB had a normal pattern notwithstanding their lesions. The side on which the lesion occurred was not a critical variable, because KC had a right-side lesion and RB had a left-side one.
The major finding concerns the performance of patients in the Expression condition. Contrary to what was observed in normal subjects, patients were faster in the Expression than in the Neutral condition, irrespective of the stimulus orientation. With the exception of one patient (MD), all prosopagnosics strongly benefited from the presence of a facial expression. This pattern contrasts sharply with the data from normal viewers, where we observed not simply an overall improvement in performance, but a reversal of the normal pattern. In the presence of a facial expression, prosopagnosics exhibited a normal inversion and context effect. Experiment 4: Imaging experiment. Face identification evokes activity in a bilateral region in the lateral fusiform gyrus (11, (31) (32) (33) (34) (35) and in the inferior occipital gyrus (8, 9, 11, 32, 36, 37) . But besides these main areas associated with face processes in normal viewers and which are damaged in these patients, other areas are part of an extended network of face processing (8) . These areas are involved in processing emotional aspects of the face (occipitotemporal cortices, amygdala, orbitofrontal cortex, basal ganglia, and right parietal cortices) (38) , and these areas are intact in the patients studied here.
Participants. Structural scans and magnetic resonance images of brain activity were collected from four patients (MD, MK, RB, and RG) and from one normal control subject. Informed written consent was obtained for each subject before the scanning session, and Massachusetts General Hospital Human Studies Protocol numbers 1999P-010946 and 2002P-000228 indicate approval of all procedures.
Materials and procedure. Stimuli were identical with the ones used in experiment 3, and were generated by E-PRIME 1.1 (39) on an ASUS A1300 and projected with a Sharp XG-NV6XU Notevision 6 projector (Osaka Microsystems) through a collimating lens onto a screen secured to the head coil. Subjects viewed images on a tilted mirror placed directly in front of their eyes.
Functional images were generated by using a high-field 3.0-T high-speed echoplanar-imaging device (Siemens, Munich) with a quadrature head coil. Subjects lay on a padded scanner couch in a dimly illuminated room and wore foam earplugs. Foam padding stabilized the head. High-resolution (1.0 ϫ 1.0 ϫ 1.3 mm) structural images were obtained for 3D reconstruction. Structural images were magnetization-prepared rapid acquisition with gradient echoes [MP-RAGE; 128 slices, 256 ϫ 256 matrix, echo time (TE) ϭ 3.3 ms, repetition time (TR) ϭ 30 ms, flip ϭ 40°].
Functional sessions began with an initial sagittal localizer scan, followed by autoshimming to maximize field homogeneity. To register functional data to the 3D reconstructions, a set of high-resolution (44 coronal slices, perpendicular to the calcarine sulcus, 1.5 ϫ 1.5 mm in-plane, 4 mm thick, no skip), inversiontime T1-weighted echoplanar images [TE ϭ 29 ms, TI ϭ 1,200 ms, TR ϭ 6,000 ms, number of excitations (NEX) ϭ 4] was acquired, along with T2 conventional high-resolution anatomical scans (256 ϫ 256 matrix, TE ϭ 104 ms, TI ϭ 1,200 ms, TR ϭ 11 s, NEX ϭ 2). The coregistered functional series (TR ϭ 4,000 ms, 128 images per slice, TE ϭ 30 ms, flip angle ϭ 90°, field of view ϭ 20 ϫ 20 cm, matrix ϭ 64 ϫ 64, in-plane resolution 3.125 mm 2 ) lasted 512 s and were presented in an AB-blocked design.
Each of the functional runs was motion-corrected to the first run by using AFNI (http:͞͞afni.nimh.nih.gov͞afni͞index.shtml) and then spatially smoothed by using a 2D Hanning filter (full width at half-maximum ϭ 8.0 mm). The phase of the signal at the stimulus frequency was used to distinguish between signal increases and decreases in the magnetic resonance signal for two-condition comparisons. Significance of the activation at each voxel was determined by using an F statistic. During the scanning session, the subjects performed the same match-tosample task as described in experiment 3, except that stimuli were now presented at a set pace.
Results. Functional data from two patients (RB and RG) could not be used because of excessive motion in the scanner. Results from one control subject (MC) are consistent with reports in the literature detailing the brain areas activating to neutral and emotional faces. We observed activation (Fig. 1c) for expression vs. the neutral face condition in the right fusiform gyrus (anterior and posterior), in the right superior temporal sulcus, in the left amygdala, in the orbitofrontal gyrus bilaterally, and in the left premotor cortex.
For MD (bilateral occipitotemporal lesion), activation was present bilaterally in the superior temporal sulcus and gyrus, in the right temporal lobule, in the right superior frontal gyrus, in the right cingulate gyrus, and in the left inferior frontal gyrus. For patient MK, activation was observed in the right amygdala region and in the right orbitofrontal cortex.
Discussion. As predicted, patients with damage to the brain areas predominantly involved in face identification show activation in other areas belonging to the extended network dedicated to the recognition of facial expressions (6, 8) , like the right fusiform gyrus (anterior and posterior), the right superior temporal sulcus, the amygdala, and the orbitofrontal gyrus. Moreover, activity in the left premotor cortex suggests involvement of structures related to imitation and action (40) . These activations might then explain improved task performance in the expression condition of experiment 3. As expected, only a partial overlap occurs between the areas active in normal subjects and those active in the patients because of the lesions. For patient MK, we observed activity only in the right amygdala and in the right orbitofrontal cortex, consistent with activations in the normal control subject. For patient MD, activity in the superior temporal sulcus corresponded to what was observed in the normal control subject, except that with the patient the activation was bilateral. Besides that, activity occurred in the right superior frontal gyrus. This result is in line with the role of the right temporal lobule, the right cingulate gyrus, and the left inferior frontal gyrus in processing facial expressions (38) .
It is interesting to relate the observed brain activation to the results of experiment 3, where the presence of an expression had an inhibitory effect on task performance. The matter is complicated by the fact that activation in the same areas leads to facilitation of performance in the patients. The fact that these areas were active when the facial expression was not the focus of attention because it was not relevant for the task is also consistent with the literature on implicit processing of facial expressions (40, 41) .
General Discussion
Historically, dissociations between impaired and intact skills observed in lesion studies have greatly contributed to the understanding of normal face processing, essentially by providing evidence for functional dissociations, which then defined the building blocks for modular models of normal processes (42) . More recently, it has been argued that patient studies can also contribute to a better understanding of the dynamical aspects of brain function, because they can reveal processing routes other than the ones that are dominant in normal observers (12, 14, 16 ). This point is particularly relevant when some subprocesses may have different processing speed, as suggested for feature and configuration processing (43) and for emotion processing (19) . Also, if two routes of comparable importance coexist, the outcome may be determined by only one of them, because the faster one can overtake the other slower one. In fact, both a feature-based and a configural procedure may be available in normal face identification, depending on the type of task used and the time constraints imposed. But in skilled viewers the configural procedure may by far be the fastest one and thus overwrite and mask the contribution from the former as in a horse-race model (44) . Yet, as a consequence of brain damage, absolute speed of processing decreases, but, more importantly, the relative speed of processing of different routes may be altered. For example, what is the slower and less likely route in normal viewers can, by comparison, become the fast one or sometimes the only available route in the case of brain damage.
The present results indicate that performance on a facematching task on which patients are severely impaired can be modified by the presence of a stimulus dimension that is not relevant for performing the task, like a facial expression for which no visual impairment exists. Moreover, the interaction specifically influences the way the configuration of the face is processed, because the presence of an expression normalizes the sensitivity to stimulus orientation and the ensuing configural processes. These results are important for a better understanding of the relationship between perception of emotional valence and visual processes. It is known from neuropsychological reports that lesion of the visual areas normally involved in processing facial identity does not destroy the ability to recognize facial expressions. Although our study confirms this, it points to a much closer interaction between face identification and facial expression than envisaged previously. Our results have important implications for standard models of face processing (2), which are based on the notion that the different aspects of face processing, like facial expression, gender, and speech, are processed independently (assumption of dissociation), and assume that these different kinds of information are only extracted after structural encoding based on intact configuration recoding (assumption of hierarchical processing). Both assumptions are challenged by the present results, which are consistent with a similar challenge to such models that has been provided by recent studies using time-sensitive methods like event-related potential and magnetoencephalography. Indeed, the time course of the structural encoding of neutral faces is Ϸ170 ms, as indicated by a face-specific negative potential (N170) (45) . Recent studies using facial expressions have provided evidence for encoding of expression at latencies earlier than 170 ms, between 80 and 116 ms (46) or Ϸ110 ms (47), and raised the possibility of a modulation of the face area in the fusiform cortex by this earlier activity. The present results do not allow direct inferences about time course, but the influence of a facial expression as shown here is consistent with those findings. What could be responsible for a positive influence of facial expressions on face identification in these prosopagnosics are feedback projections from intact amygdala to damaged face areas in the fusiform cortex in line with modulation of fusiform face activity observed in normal subjects (6, 42) . This idea fits the notion that residual skills observed in brain damage are based on degraded representations whose threshold for influencing performance can be modified by concurrent stimulus input (48) . In other words, when a facial expression is present, the activation in the damaged face areas would be boosted and would lead to improved performance and normalization of the configural effects. But this explanation is unlikely here because the lesions of patients MK and MD include face areas in the fusiform cortex, ruling out projections from amygdala to fusiform cortex. Moreover, the two foci of activation are both right-sided, indicating independence from the face area in fusiform cortex, because the latter cannot possibly be a relay in a network that gets to amygdala and orbitofrontal cortex. For MD (bilateral occipitotemporal lesion), activation was present bilaterally in the superior temporal sulcus and gyrus, the right temporal lobule, the right superior frontal gyrus, the right cingulate gyrus, and the left inferior frontal gyrus (Fig. 2) .
Finally, these results are interesting for a better understanding of the importance of identification of familiar persons in the diagnosis of prosopagnosia and possibly in rehabilitation. Our results suggest that the presence of a facial expression can boost face identification. In the oldest definition of prosopagnosia, a restriction of the deficit to impairment with familiar faces existed. Later studies have extended the definition by including unfamiliar faces as well. This extension has raised the question of whether the cases of prosopagnosia originally reported were not, at least in part, cases of amnesia for faces. This explanation is obviously not pertinent for a deficit in unfamiliar face identification, but familiar and unknown faces do not differ only in whether a face template is stored and can be accessed in memory. Familiar faces are rarely neutral but are most often viewed with one or another expression, whereas the unfamiliar faces commonly used in clinical tests and in experiments on face identification are typically neutral. This work was supported by National Institutes of Health Grant R01 NS44824-01 (to N.H.).
